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Serial No. 60/295,493 filed on June 4, 2001, and entitled "1x EVDO RPC Channel Power 
5 Control." 

BACKGROUND OF THE INVENTION 
The present invention generally relates to wireless communication systems, and 
particularly relates to controlling the power of the Reverse Power Control channel in a 
10 high data rate packet network. 

Transmit power control factors prominently in a number of wireless 
communication schemes. For example, conventional Code Division Multiple Access 
(CDMA) systems, such as those defined by the IS-95B standard, use both reverse link 
and forward link power control. Generally, these schemes use the receiving end to 
15 provide power control feedback information. Thus, for forward link power control in a 
conventional CDMA network, a handset or other type of access terminal provides power 
control information to the network transmitter, indicating whether the transmitter should 
increase or decrease its transmitted power to the terminal. 

The above power control schemes are closed loop, meaning that transmit power 
20 is controlled based on actual receiver conditions. Characteristically, closed loop power 
control relies on dedicated power control channels or sub-channels. For example, in 
conventional CDMA systems, forward link power control relies on power control bits 
provided by terminals on their reverse link power control channels. 

As communication systems evolve, offering greater system capacity, higher data 
25 rates, and new applications, the channel structures used to carry data traffic and control 
information between communication networks and access terminals have become 
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increasingly sophisticated. For example, in the TIA/EIA/IS-856 standard covering high 
data rate (HDR) packet data networks, the forward link channel structure intermixes both 
code and time multiplexed channels. HDR networks configured in accordance with the 
TIA/EIA/IS-856 standard are also referred to as "1x EVDO" networks, indicating the first 
5 stage of evolutional advancement beyond the TIA/EIA/IS-2000 standard toward third- 
generation CDMA networks for data-only applications. 

In HDR networks, the forward link traffic channel from a network transmitter to an 
access terminal is rate controlled rather than power controlled. That is, a HDR network 
transmitter always transmits at maximum power on its forward link traffic channels, with 

10 each access terminal served by the transmitter requesting the maximum data rate that 
the available power will support. In general, a terminal closer to the transmitter receives 
data at a higher rate than one further away, but more broadly one might state that 
terminals request higher data rates from the network as reception conditions improve at 
the terminal. The TIA/EIA/IS-856 standard defines sixteen data rates at which terminals 

15 may request to receive forward link traffic channel data. 

Other forward link channels used in HDR networks are not rate controlled. For 
example, the Reverse Power Control (RPC) channel is a forward link channel 
transmitted to access terminals at a constant data rate. Access terminals use 
information received from the network on the RPC channel to control their reverse link 

20 transmit power. Thus, the RPC channel is used by the network to implement closed 
loop control of access terminal transmit power to minimize interference between 
terminals. 

However, there exists no explicit mechanism for controlling the power of the 
forward link RPC channel. Defining a reverse link channel or sub-channel on which 
25 RPC channel power control information might be carried would be inefficient and in any 
case is not provided for in the standard. Nonetheless, controlling RPC channel power 
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on the forward link based on actual reception conditions at the access terminals would 
be advantageous. 

BRIEF SUMMARY OF THE INVENTION 
5 The present invention comprises methods and apparatus to control RPC channel 

power in HDR networks, such as those configured in accordance with the TIA/EIA/IS- 
856 standard. Each access terminal in a HDR network generally requests the highest 
forward link traffic channel data rate that signal conditions at the terminal will support. 
Data rate requests transmitted from the terminals to the network on each terminal's 
10 reverse link Data Rate Control (DRC) channel may be used by the network to infer 
reception conditions at each terminal. Thus, the network can set the RPC channel 
power of each access terminal based on the forward link data rate requested by that 
terminal. 

Setting RPC channel power based on requested forward link data rate for a given 
15 access terminal may involve a "mapping" from the requested rate to an estimate of 
signal conditions at that terminal. Thus, the network may, for example, estimate the 
carrier-to interference (C/l) ratio for the terminal based on the data rate requested by the 
terminal. The estimated C/l ratio indicates signal conditions at the terminal and the 
network may thus calculate a desired RPC channel power for that terminal based on the 
20 estimated C/l ratio, or based on an estimated signal-to-noise ratio (SNR) value for the 
RPC channel. 

However, the aggregate RPC channel power, that is the RPC channel power 
allocated to the total number of terminals active within a given network sector, is limited. 
Therefore, the actual RPC channel power allocated to each terminal may be set as a 
25 function of the desired RPC channel power and as a function of the total RPC channel 
power available. RPC channel power is part of the Medium Access Control (MAC) 
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channel power, thus the aggregate RPC channel power available for serving a plurality 
of terminals within a given sector is limited by the total MAC channel power available in 
that sector. 

Numerous variations exist for allocating available RPC channel power among the 
5 individual terminals within a given network sector. However, some allocation schemes 
are more optimal than others, and may result in more nearly meeting the actual RPC 
channel power requirements of a majority of terminals at any given time. 

Further, RPC channel power settings for a given terminal may be adjusted or 
otherwise compensated based on the presumed reliability of the C/l estimate. That is, 
10 as data rate requests from the various terminals are mapped to corresponding C/l 
estimates, the C/l estimates may be adjusted to reflect, for example, whether an 
individual terminal is in soft or softer handoff. 

In addition to enabling RPC channel power control within the various sectors of a 
communication network the present invention may provide a basis for network access 
15 control or regulation. For example, if the aggregate desired RPC channel power within a 
given sector exceeds the available RPC channel power in that sector by a wide enough 
margin or for a long enough period of time, that sector may be deemed "congested." 
The network may then take measures to mitigate the congested condition of that sector 
by, for example, limiting or restricting additional new connections within that sector, or by 
20 releasing some of the active connections within the sector. 

Those skilled in the art will recognize additional features and advantages of the 
present invention upon reading the following detailed description, and in consideration of 
the supporting drawings. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram of an exemplary HDR network. 
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Fig. 2 is a diagram of exemplary flow logic for RPC channel power allocation 
within a sector of the network of Fig. 1 . 

Fig. 3 is a diagram of exemplary congestion control based on RPC channel 
power calculations for one or more sectors of the network of Fig. 1 . 
5 Fig. 4 is a diagram of exemplary radio base station and base station controller 

details adapted for practicing the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Exemplary details presented in the following discussion describe control of the 
10 transmit power associated with the Reverse Channel Power (RPC) channels used in 
high data rate (HDR) packet data wireless communication networks based on the 
TIA/EIA/IS-856 standard. It should be understood that techniques outlined herein may 
be generally used where a received signal lacking explicit power control data 
nonetheless may be used to derive power control information for an associated transmit 
15 channel. 

Turning now to the drawings, Fig. 1 is a diagram of an exemplary wireless 
communication network generally referred to by the numeral 10, and which may be 
configured in accordance with TIA/EIA/IS-856 standards. Those skilled in the art will 
appreciate that the network 10 appears in simplified form to aid clarity of discussion. 

20 Actual implementations of the network 10 may include items not shown in this diagram, 
such as home location registers (HLRs), visitor location registers (VLRs), equipment 
identification systems, and various gateway systems. 

As illustrated, the network 10 comprises a number of sectors 12, one or more 
cells 14, radio base stations (RBSs) 16 (also referred to as "cell sites"), a base station 

25 controller (BSC) 18, a packet data serving node (PDSN) 20 which interfaces the network 
10 to one or more packet data networks (e.g., the Internet), and a mobile switching 
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center (MSC) 24 which interfaces the network 10 to one or more other networks 26, 

such as the Public Switched Telephone Network (PSTN) or an Integrated Services 

Digital Network (ISDN). 

In operation, access terminals (ATs) 30 communicate with the network 10 via 

5 wireless signaling. The network 10 defines forward link channels used to carry control 

information and traffic data to the ATs 30, and further defines reverse link channels on 

which it receives control information and traffic data from the ATs 30. Some forward and 

reverse link channels are shared between terminals 30, while other channels are 

dedicated to specific ones of the terminals 30. 

10 The arrangement of RBSs 16 generally defines the service coverage area of the 

network 10, with each RBS 16 providing coverage for one or more sectors 12. Typically, 
each RBS 16 comprises a number of directional antennas (not shown), with each 
antenna providing coverage for a given sector 12. Generally, a number of contiguous 
sectors 12 form a cell 14. For example, in the diagram sectors 12-1, 12-2, and 12-3 

15 form a cell 14. Sometimes this division of the network's service area into sectors 12 is 
referred to as sectorization. Unlike the diagram, however, real sectorization is not ideal, 
meaning that sectors 12 in a real implementation would have some degree of overlap. 

Because of overlap, a given AT 30 might communicate with the network 10 
through more than one sector 12. When an AT 30 is supported by more than one sector 

20 12, it is considered to be in soft handoff. If two or more of the sectors involved in the 
handoff are from the same RBS 16, the AT 30 is considered to be in softer handoff. 

The sectors 12 involved in the handoff (soft or softer) define the ATs "active set." 
Thus, the size of the active set defines the number of sectors involved in handoff. For 
HDR networks, only one of the sectors 12 within the ATs active set is considered the 

25 "serving sector," while the remaining sectors 12 in the active set are considered "non- 
serving" or "no-service" sectors 12. The sector 12 providing forward link traffic data to 
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the AT 30 is considered the serving sector, however the AT communicates 
simultaneously with all sectors 12 in its active set on the reverse link. 

With HDR, the AT 30 may change serving sector selections every 1.6 ms, based 
on which sector 12 can provide the best signal to the AT 30. Each sector 12 in the 
5 active set receives Data Rate Control (DRC) symbols from the AT 30 on the reverse link 
DRC channel. These DRC symbols take on, in an exemplary embodiment, one of 
sixteen values, with each value corresponding to a desired data rate. The serving sector 
12 sets the data rate for the next packet on the forward link traffic channel to the AT 30 
based on the requested data rate. 

10 The DRC channel information received from the AT 30 also identifies or "points 

to" which sector 12 should operate as the serving sector for the next forward link traffic 
data packet sent to the AT 30. This pointing function is realized by the AT using one of a 
number of spreading covers to code multiplex the DRC symbol. Each sector 12 has a 
designated cover value and if the cover used to spread the DRC symbol matches that 

15 designated cover, that sector 12 becomes the serving sector. A null cover value is also 
defined, which, when used by the AT 30, indicates to all of the sectors 12 in the AT's 
active set that the AT 30 is switching from one serving sector to another. 

In exemplary HDR implementations, DRC channel information is sent by each AT 
30 that is active within the network 10 at a rate of every 1 .6 ms, or roughly 600 Hz. 

20 Thus, the network 10 may adjust the forward link traffic data rate to the AT 30 at roughly 
the same rate. Indeed, this ability of HDR networks to perform dynamic rate control is a 
foundational principal of their operation. 

Unlike conventional CDMA networks, which employ both forward and reverse link 
power control, HDR networks transmit on the forward link at full power all of the time. 

25 That is, each RBS 16 transmits for each sector 12 using the full available power at the 
sector. This transmit power scheme means that ATs 30 closer to an RBS 16 generally 
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enjoy better reception conditions than those ATs 30 farther away. The ATs 30 use their 
DRC channel to request the forward link traffic data rate that their respective reception 
conditions will support at acceptable bit error rates (BERs). Because forward link 
transmit power is constant, the signal-to-noise ratio (SNR) at each AT 30 varies with the 
5 quality of the forward link between the AT 30 and the transmitting RBS 16. 

In contrast to the full power levels used on the forward link traffic channels, the 
network 10 does implement power control on the reverse link transmissions from the 
ATs 30. This reverse link power control minimizes interference between the ATs 30 by 
limiting the transmit power of each AT 30 to the level required to meet SNR 

10 requirements at the RBSs 16. The RBSs 16 send reverse link power control information 
to the ATs 30 using a Reverse Power Control (RPC) channel. 

In a given sector 12, the sector's RBS 16 sends RPC commands to each AT 30 
in communication with that sector 12 via a RPC channel dedicated to each AT 30. 
Where an AT 30 is in soft handoff, it receives RPC commands from two or more sectors 

15 12. If the sectors 12 are from the same RBS 16 as occurs in softer handoff, the RPC 
commands from the different sectors 12 will be the same, but where different RBSs 16 
are involved in soft handoff, the AT 30 receives potentially different RPC commands. 
Logic within the AT 30 is adapted to respond appropriately, even with conflicting RPC 
commands from different sectors 12. 

20 The RPC channel is part of the Medium Access Control (MAC) channel. Within a 

given sector 12, the sector's RBS 16 transmits a MAC channel to each of the ATs 30 
active within that sector 12. The RPC channel comprises part of the MAC channel's 
structure. Because the available power for transmitting the MAC channels is limited at 
the sector 12, the total available RPC channel power is limited. Therefore, the amount 

25 of RPC channel power that may be allocated to each AT 30 is also limited. 
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Because of differing forward link quality conditions between the ATs 30, the RPC 
channel transmit power required to produce an acceptable SNR for the RPC channel at 
the ATs 30 varies. Ideally, an RBS 16 would operate to set the RPC channel transmit 
power for at least some of the ATs active within an associated sector 12 in consideration 
5 of actual signal conditions at the AT 30. In this manner, the RPC channel power 
transmitted to an AT 30 with relatively good received signal conditions would be less 
than the RPC channel power allocated to an AT 30 with relatively bad received signal 
conditions. However, no provisions exist for controlling RPC channel power. 

Indeed, the TIA/EIA/IS-856 standard does not define a reverse link channel or 

10 sub-channel on which power control information for the RPC channel might be carried. 
The present invention, in at least some embodiments, overcomes this lack of explicit 
power control information by inferring signal conditions at the AT 30 based on the 
forward link data rate associated with that AT 30. RPC channel power for the AT 30 
may then set based on the inferred signal conditions. 

1 5 Where the AT 30 has requested a relatively high forward link traffic channel data 

rate, one may assume that reception conditions are relatively good at that AT 30. In 
contrast, one may assume relatively poor reception conditions for an AT 30 requesting a 
relatively low data rate. This relationship between data rate and signal conditions arises 
because the AT 30 will always request the highest data rate its reception conditions will 

20 support. 

As noted earlier, a given AT 30 active within at least one of the sectors 12 of the 
network 10 may request any one of a number of defined data rates using its DRC 
channel. Thus, received DRC symbols from the AT 30 may be mapped to a range of 
estimated C/l ratios. That is, a C/l ratio for the AT 30 may be estimated based on the 
25 forward link data rate it requests. The transmit power level for the RPC channel to that 
AT 30 may then be determined based at least in part on the estimated C/l ratio. 
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The nature of the DRC symbol value to estimated C/I ratio mapping may be one- 
to-one, that is, there may be a defined C/I ratio estimate for each one of the defined data 
rates, or multiple data rates may map to a single C/I estimate. A typical range of 
estimate C/I ratios might span 30 dB, ranging from -15 dB to +12 dB. An exemplary 
mapping of requested data rate to estimated C/I ratio appears in Table 1 below: 



Requested 
Data Rate 
(kbps) 


38.4 


76.8 


153.6 


307.2 


614.4 


921.6 


1228.8 


1843.2 


2457.6 


Est. 

C/I Ratio 
(dB) 


-15 


-11 


-7 


-4 


-1 


+2 


+5 


+8 


+12 



Of course, the above mapping may be varied as needed or desired. 

The estimation process may also be based on a mapping function that translates 
data rate to estimated C/I ratio. This type of mapping function may be expressed as 

f~ l (R) , where R is the requested data rate and f~ ] is the stepwise linear inverse of a 
10 function/that the AT 30 uses to determine the DRC symbol value it transmits. That is, 
AT 30 determines a value for its DRC symbol value using a function / of estimated C/I 
ratio, so an inverse function of / may be used at the RBS 16 to recover the C/I ratio 
estimated by the AT 30 based on the data rate requested by that AT 30. 

While estimated C/I ratios may be based on the above mapping or the inverse 
15 function operation, the estimates may be further enhanced by adjusting them for certain 
conditions. For example, one may bound estimated C/I ratios between one or more 
limits, such as between an upper and a lower limit. Further, one may wish to define 
default values for estimated C/I ratios in situations where a valid DRC symbol value is 
not available from the AT 30. This absence of valid DRC symbol information may occur, 
20 for example, in an erasure event, where the signal power of the received DRC symbol is 
too low for reliable detection. 
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Thus, rather than using an initial estimate of C/l ratio for RPC channel power 
control, the estimate may be compensated or adjusted. One exemplary expression for 
such an adjusted C/l ratio for the i th AT 30 is given as, 

y (R x) = { min ^ nax {' min '- /r " 1 ^ + g(Z ^ 7max ^ if theDRCisnoterased > else 

[J erasure 

5 where R equals the rate as represented by the DRC symbol value, and X is the DRC 
cover value that identifies the serving sector, and g(X) is a correction factor. 

Eq. (1) is repeated for all ATs 30 within a given sector. It sets the estimated C/l 
ratio for the i th AT 30 in a given sector 12 as follows: 

a. compute a first C/l estimate based on mapping from data rate to initial C/l 
10 estimate; 

b. compensate this first C/l estimate using the correction factor g(X)\ 

c. select the maximum between the compensated, initial C/l estimate, and a 
minimum defined C/l estimate y min ; and 

d. select the minimum between the result of the preceding step and a maximum 
15 defined C/l estimate. 

Of course, the above calculations assume the availability of a valid DRC symbol value 
on which to base these calculations. If a valid value is not available, Eq. (1) sets the 
estimated C/l ratio j\ to a default value, for example, -10 dB. Exemplary bounding values 
for ymin and y max are -12 dB and +1 1 dB, respectively. 
20 Compensation of the initial estimated C/l ratio as obtained from the mapping 

function/ 7 using the correction factor g(X) is based on the premise that if the current 
sector 12 is not the serving sector for the i th AT 30, then the C/l estimate determined 
from the rate mapping function should be reduced because the AT 30 selects the best 
sector 12 from its active set as the serving sector. All other sectors 12 in the AT's active 
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set, that is, the non-serving sectors 12, may be presumed to offer lower reception 
performance to the AT 30. Thus, when a sector 12 is not the AT's serving sector, the 
initial estimated C/l ratio should be reduced, with the correction factor g(X) given as, 

0 if the DRC is pointed to current sector 

c if the DRC has a null cover 

softer 



a • 10 - Log(N softer + 1) if the DRC points to X € {X; } Jl, N 

a-l0-Log(N so jfa + l)-b'10-Log(N so f+l) if the DRC points to Xe {X^ N 



5 (2) 

where a, b, and c represent configurable constants, N softer represents the number of 
sectors involved in the softer handoff condition, and N soft represents the number of 
sectors involved in the soft handoff condition. 

To better understand Eq. (2), consider the simplest case where the current sector 
10 12 is the serving sector. Here, g(X) simply takes on a value of "0," which results in no 
correction being applied. If the DRC symbol is detected with a null cover, indicating that 
the AT 30 is changing from one serving sector to another, g(X) takes on a value of "c," 
which may, for example, be a value of in the range of -5/3. This reduces the C/l 
estimate to reflect the likelihood that little reliable C/l estimation information may be 
15 gleaned from the DRC symbol value during a cover event. 

If the current sector 12 is not the serving sector but originates from the same 
RBS 16 that provides the serving sector, then the value of g(X) is set as 
a • 10 * Log(N so f ter + 1) , where N softer represents the number of sectors from that RBS 1 6 

that involved in the softer handoff condition. With the configurable value a set to an 
20 appropriate value, -1/1 .25 for example, the value of g(X) takes on an increasingly 

negative value in proportion to the number of sectors 12 in softer handoff. If the current 
sector 12 is not the serving sector and is not a sector involved in softer handoff, then the 
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value of g(X) \s a -10 -Log(N S0 ft er +l)-b<\Q>Log(N so ft +1), where the configurable value b 

may be set to an appropriate value, such as -3/2 for example. 

As an example, assume that the i th AT 30 has an active set of five sectors 12, 
where three of the sectors 12 are from a first RBS 16, and the remaining two sectors 
5 from a second RBS 16. Further, assume that one of the three sectors 12 from the first 
RBS 1 6 is the serving sector for the AT 30. For the serving sector, g(X) equals 0, for the 
two remaining sectors of the first RBS 16, N softer equals 3, while for two sectors from the 
second RBS 16, N soft equals 2. 

While Eq. 1 provides for updated C/l ratios estimates upon receipt of each new 
10 DRC symbol from the i th AT 30, it may be desirable to filter the j\(R,X) values so that RPC 
channel power control avoids or reduces rapid control changes. Filtering may be linear 
or non-linear, entailing simple smoothing or adopting more sophisticated filtering 
characteristics. In any case, because the DRC symbols values are available at roughly 
600 Hz, y{R,X) may be filtered for more robust RPC channel power control and still yield 
15 good control response. An exemplary Infinite Impulse Response (IIR) filter is given as, 

H[D = 1 .6,...] = 1 J (3) 

l-(\-2~ a )>D 

Where the output of Eq. (3) yields a filtered version of y(R,X), which is denoted as 
y /(w)for time n. The output of the filtered version of the estimated C/l ratio may be 
expressed as, 

20 y f („) = y / (/i - 1) - 2^ y ; (n - 1) + 2 ^ y f (n) (4) 

which may be efficiently implemented as a series of 2's shifts and additions. 

With the above basis for computing estimated C/l ratios, Fig. 2 provides an 
overview of exemplary RPC channel power control for all active ATs 30 within a given 
sector 12. Processing begins (step 200) with the AT index / being set to "0," which 



13 



Ericsson Wireless Inc. Ref. No. P12786 
Coats & Bennett Ref. No. 4740-009 

corresponds to the first active AT 30 within the sector 12 (step 202). The estimated C/l 
ratio j\(R,X) for the current AT 30 (i.e., the i th terminal) is computed according to Eq. (1) 
(step 204), and then optionally filtered (step 206). 

The index i is then checked (step 210) to determine if there are any active ATs 
5 30 remaining in the sector 12, in which case i is incremented (step 218) and an 
estimated C/l ratio is computed for the next AT 30 (steps 204-208). Once ylR,X) (or 
ii(n)) is computed for each of the active ATs 30 within the sector 12, the aggregate 
required RPC channel power for the entire sector 12 is computed considering the 
required RPC channel power for each i th AT 30 (step 212). 
10 That is, a required RPC channel power may be computed for each AT 30 based 

on the corresponding estimated C/l ratio for that AT 30. One approach to determining 
the required RPC channel power begins by computing the received RPC channel bit 
energy to effective noise power spectral density at the i th AT 30. The received RPC 
channel bit energy to effective noise power spectral density may be expressed as, 

15 RPC^^L^j «' (5) 

Nt V *b /=! J +1 _ fl , 

Yi 

where E b is the bit energy, N t is the effective noise power spectral density, RPCE C is the 
RPC channel chip energy, R/Rf, is the processing gain expressed as chip rate to bit rate, 
a t is the path coefficient for the / th multipath between the sector's transmitter (e.g., one or 
more antennas on the sector's RBS 16) with a maximum of I multipaths, y, is the 
20 estimated C/l ratio for the i th AT 30, which may or may not be a filtered value, and I or is 
the total transmit power for the sector. 

Rearranging Eq. (5) to determine an expression for required RPC channel power 

yields, 
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RPC Eb 



lor *c . £ «/ K) 

R b /=ll +1 _ fl 

Yi 

RPC E 

where— — c ~ represents the required RPC channel power normalized to the total 

available power. The symbol r, is also used herein to denote the required RPC channel 
power for the i th AT 30. 

5 One may assume a desired SNR value for reception of the RPC channel at the 

AT 30 (e.g., one may set the value of RPC ~ h - to a desired SNR value of, for example, 

N t 

+5 dB). With this assumption, the required RPC channel power r, to achieve the desired 
SNR at the AT 30 may be computed. 

The total or aggregate required RPC channel power required for the sector 12 to 
10 provide each AT 30 with its required RPC channel power r r -is given as, 

K-\ 

2>/ (7) 

/=o 

where K is the total number of ATs 30 active within the sector 12. 

Ideally, the sector 12 would allocate to each AT 30 the RPC channel power 
required by that AT 30, but it may be that the summation of required powers exceeds the 
15 total power available at the sector 12. Thus, the sector 12 must undertake allocation 
procedures in which the RPC channel power allocated to one or more of the ATs 30 is 
made in consideration of whether the aggregate RPC channel power exceeds available 
power (step 214). 

The RPC channel is carried as part of the MAC channel, along with the Reverse 
20 Activity (RA) channel, which is used by the network 10 on the forward link to effect 

reverse link flow control. Thus, the total available power for the RPC channels is given 
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as the total MAC channel power available, less the amount of MAC channel power used 
for the RA channels. The aggregate required RPC channel power may be evaluated to 
determine if it exceeds the total available power according to the following expression, 

, RAE C 

z n <\-—^ (8) 

/=0 L or 
RA E 

5 where ^ is the portion of the total MAC channel power available at the sector 12 that 

I or 

must be allocated to the Reverse Activity (RA) channels, and where K represents the 

total number of active ATs 30 within the sector 12. 

If the aggregate required RPC channel power is less than total available power, 

the sector 12 may allocate to each AT 30 the full amount of its required RPC channel 
10 power. However, if the aggregate required RPC channel power exceeds total available 

power, the sector 12 must adopt an allocation scheme that allocates available RPC 

channel power within the available power constraints. 

Several methods are available for allocating RPC channel power where the 

aggregate required RPC channel power exceeds total available power. In general, the 
15 sector 12 may allocate a fixed percentage less than each ATs required RPC channel 

power, or may allocate the required RPC channel power to some ATs 30, while 

allocating reduced or no power to other ATs 30. Examples of these various schemes 

are explored below. 

In a first approach, a "minimum-maximum" optimization technique is adopted that 
20 attempts to minimize the difference between the required and allocated RPC transmit 
power levels of all the active ATs 30 within the sector 12. Thus, the RPC channel power 
allocated to the ith AT 30 is given as, 

*i=PT f (9) 

where r t is the RPC channel power allocated, and p is a scaling factor computed as, 
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(10) 



K-\RPCE r 

y=0 l or 



A practical example might be where the aggregate required RPC channel power is 9/7 
the total available RPC channel power at the sector 12. With this example, p then takes 
on a value of 7/9, such that the RPC channel power allocated to the ith AT 30 is 7/9 the 
5 required RPC channel power for that AT 30. 

One advantage to allocating RPC channel power in accordance with Eqs. (9) and 
(10) is that HDR networks 10 transmit at maximum power and the scaling value p 
accommodates situations where the aggregate required RPC channel power is below 
the total available power or, as in the above example, where it exceeds the available 
10 power. Thus, in the above example, the scaling value p took on a value of 7/9, thereby 
setting the allocated power r t to 7/9 of the required power r t . However, where the 
aggregate required power is less than the total available power, the scaling value p 
takes on values greater than unity, thus setting the allocated power f { greater than the 
required powers . 

15 In another approach, the RPC channel power allocation scheme considers the 

relative power requirements of one or more of the ATs 30. Initially, the ATs 30 are 
ordered in terms of ascending RPC channel power requirements as, r 0t r h r 2 , . . . , r K . } . 
With this ordering scheme, RPC channel power is then allocated to the first (lowest 
required power) AT 30 as, 



20 




(11) 



and allocated for the remaining ATs 30 as, 
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min<jj 



\~RAEc y 



lor 




for alii > 0, and where i * 0, i * j 



(12) 



The above expressions allocate the minimum of the required RPC channel power or the 
average of the remaining available power available. Note that since some ATs 30 likely 
require significantly higher RPC channel power than others, some number of the lower 
5 power ATs 30 will likely be allocated their required RPC channel power (i.e., r t = r,). 

In another approach, the ATs 30 are ordered in ascending values of required 
RPC channel power as above. However, this approach allocates RPC channel power 
as, 



10 Eq. 1 3 acknowledges that it may be better to discard at least of a few of the ATs 30 
requiring the highest RPC channel power in favor of providing the majority of ATs 30 
within the sector with their required RPC channel power. 

Once RPC channel power for the sector 12 is allocated, processing returns to 
other tasks associated with managing communications and resources at the RBS 16 

15 supporting that sector 12. It should be understood that the foregoing RPC channel 
power allocation schemes are exemplary only, and that other schemes may be used in 
practicing the present invention. In general, the only real constraint is that RPC channel 
power allocation to the various ATs 30 active within any given sector 12 observes the 
constraints of power availability within that sector. 

20 Comparisons between the aggregate required RPC channel power and the total 

available power may provide additional information useful beyond the above power 
allocation schemes. For example, sector congestion may be inferred by the relationship 
between the aggregate required RPC channel power and the available power. That is, 




for alii < j, else 



(13) 
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where the aggregate required RPC channel power consistently exceeds the available 
power, one may infer the onset of sector congestion. 

Fig. 3 illustrates an exemplary approach that may be adopted by the BSC 18 in 
managing resources in one or more of the sectors 12 supported by the BSC 18. Fig. 3 
depicts flow logic for one sector 12, but it should be understood that the BSC 18 may 
perform this logic or other resource management logic for any or all of the other sectors 
12 supported by it. 

Processing begins (step 220) with the BSC 18 receiving required MAC channel 
power from the RBS 16 supporting the given sector 12 (step 222). Here, the required 
MAC channel power includes the aggregate required RPC channel power before any 

K— 1 

power allocation adjustments (i.e., it includes fox K Ms 30 within the sector 12). In 

*=o 

general, the rate at which the BSC 18 receives required power values depends upon the 
filtering applied to the underlying r, values. 

The BSC 18 compares the required power value to a high threshold TH H (step 
224), which may be a configurable value used to sense when the required MAC channel 
power exceeds available MAC channel power by a defined amount. If the high threshold 
is exceeded, the BSC 18 determines whether a congestion flag C FL ag is set (step 228). 
If the flag is already set, the BSC 18 advances to congestion control operations (step 
236) and processing returns (step 238). Congestion control operations may entail 
denying additional service (i.e., denying new AT connections within the sector 12), or 
may entail dropping or modifying service to selected ATs 30 within the sector 12. 

If the Cflag is not set, a congestion counter C CN tr is incremented (step 230). 
This counter is then compared to a defined count threshold, which may be a 
configurable value (step 232). If the count value exceeds the count threshold, the 
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congestion flag C F lag is set and processing continues with congestion control operations 
discussed above (step 236). 

If the required MAC channel power does not exceed the high threshold TH H (step 
224), processing continues with comparing the required MAC channel power to a 
defined low threshold TH L , which may be a configurable value (step 240). By 
appropriately choosing the high and low thresholds TH H and TH L , a hysteresis band may 
be defined for comparing required MAC channel power. 

If the required MAC channel power is below the lower threshold TH L (step 242), 
processing continues by incrementing a reset counter D (step 244). The value of the 
reset counter D is then compared to a defined maximum reset count value D MAX , which 
may be configurable (step 246). If the current value of D exceeds D MA x (step 246), the 
reset counter D is cleared (i.e., reset to its initial or default value) (step 248), the 
congestion counter C CN tr is cleared (step 250), and the congestion flag C FL ag is cleared 
(step 252), and processing returns to other BSC operations (step 238). 

The BSC 18 may perform the above operations or other forms of congestion 
control for one or more of the RBSs 16 under its control on a per sector basis. With the 
above logic, the BSC 18 receives required MSC channel power for a given sector 12 
from the associated RBS 16 and determines impending sector congestion based on the 
relationship of that required power to available power over time. Where the required 
MAC channel power chronically exceeds the available power, the BSC infers impending 
congestion and acts to relieve that congestion, or to at least prevent worsening 
congestion within the given sector 12. 

Fig. 4 is a diagram an exemplary simplified details for a RBS 16 and BSC 18 that 
include processing systems adapted for practicing the present invention. RBS 16 
includes radio resources 40, and a system controller or processor 42. It should be 
understood that processor 42 may comprise a number of processing and control sub- 
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systems, such as those adapted for communicating with the radio resources 40, the 
BSC 18, and for managing and controlling the radio resources 40. With the present 
invention, the processor 42 is generally adapted to compute required and allocated RPC 
channel powers in accordance with the present invention, and may be particularly 
adapted to perform the processing outlined in exemplary form in Fig. 3. 

Where aggregate required channel power information from one or more sectors 
12 will be used for centralized sector congestion control, the processor 42 in the RBS 16 
may be adapted to send aggregate RPC channel power estimates for one or more 
sectors 12 supported by the RBS 16. These aggregate estimates may be conveyed in 
terms of total required MAC channel power for the sector in question, where total 
required MAC channel power is based on the required RPC channel powers before any 
adjustments arising from available power constraints are made. 

With this transfer of information from one or more RBSs 16 to the BSC 18, a 
processor 44 in the BSC 18 may receive aggregate RPC channel power estimates for 
one or more sectors 12 in the network 10. The processor 44 may then employ 
congestion control measures, such as those outlined in Fig. 4, for one or more of the 
sectors 12 for which it is receiving required RPC channel power information. 

Those skilled in the art will appreciate that the present invention lends itself to 
many variations. For example, a variety of power allocation schemes may be adopted 
for allocating RPC channel power to one or more of the ATs 30 within a given sector 12. 
In general, the present invention provides a technique for inferring reception conditions 
at active ATs 30 within a sector 12, based on the requested data rates from those ATs 
30. This inference then serves as a basis for determining required RPC channel powers 
for those ATs 30. Required RPC channel powers may then be adjusted in light of 
available sector power constraints, and, in some embodiments, used for sector 
congestion control. The foregoing details are thus exemplary only, and should not be 
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construed as limiting the scope of the present invention. Indeed, the scope of the, 
present invention is limited only by the following claims and their reasonable equivalents. 



22 



